OSA: an Open Component-based Architecture for Discrete-Event Simulation by Dalle, Olivier
HAL Id: inria-00070258
https://hal.inria.fr/inria-00070258
Submitted on 19 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
OSA: an Open Component-based Architecture for
Discrete-Event Simulation
Olivier Dalle
To cite this version:
Olivier Dalle. OSA: an Open Component-based Architecture for Discrete-Event Simulation. [Research









   



















ap por t  
de  r ech er ch e 
Thème COM
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)




 !"$#&%(')* %+ ,-#(/.01#










































Î}ÏrÐÑCÒMÓbÔ*Ó*ÕdÖÐM×½Ø3ÑÙ0Ø¬Ó*Ø¬ÚrÛbÐ Úr×½Ø*ÜM×½ÝÞØ?ÑMÏbßÏrØ?Ñ&à¬Ó*Ò4ákâ ã¹ä å4ãÌæ¼Ï³Ñ4ákâ æ(ä åçà¬ÒE×*ÜEÏ³Ñ&æ&ä&å¼è±édêå4æ(ë




  [	<1#(%('>)½ %p&,-#(/,>9P#4&  <! %5
4	; 
,-#$=? 4)T,>=3 )?	P9	 	
&!>)? %+#(6 

































v lmjU hRi SfQ3UU
e3fmSLfg`liHa`5Ã8U3«_jRU°¾E²8olge½almk¿?¥








& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)
F:<;=?>@.06A)=+61;) 8 ;.+=+;)+6 )7) *!6 ,!.0/F13 4 6".98 * 
  	;4#(!,>%+ )?	





















%'& É)(  Å+* &#H É Ê Å H+ *+Å -,/.(m", É0(¸f§&acORU`c^`raU3S hRiU3o`bach8R^Lº
% °0$12,E Å  40#HªÊ Å ",43 ( É05 1 Å  É)5  È  Å ," * H Å  Å6( T", É0(¼fm§&e?fgi8e?UTachl}SfU3Cº
%'7 É05  È  Å ,9 * H Å  Å6( d, É)( f§PacO8U-`bh8¢`c^`raU3S`1SfU3k`oUT`chRacjiR§¹ofmS<acORU-lmoe*O8j¨aUTe½
achRo*lRUT`cjgiº
%'7 ,"KHER, É0( T Å+( 	, É  É0( .8340", É0(+º
%:9 ( 3T  Å6( TR, É0( É05 ,"KHER, É0( T Å+( 	, É  ¶e?fmiR·8mhRo*l0ajfgi¼f§PRofmLUT`Yafe3fmUde½a1U?«_
UTocjSU3iHalm4RlalR®RRU?·8iRjacjfmifm§ U?«LU3ojSUTigaRkli`3º
%'& É)( . 3 ¬R, É0(:É05  É  *  TR, É0( #H+ Å  É  0 Å  acfLU1h8`cUT-§¹fmoPacO8U`bjS
hRkl0ajfgi>ohRi4¾M`¿?º
%'& É)( T É H É)5 ,"KHE", É0( 7 (; $<	=

















  & 24 303 )
NPORU¸W\»[lo*e*ORjacUde½ach8ocUjk`°jigaU3i8RUT¦acf UTlm j¨aO LfacO:fm§acORUd`bUar 6fv8l0acacUToci8`T¥ ²Rfmo-acORU
·o`ba5fgiRUm®HacO8j`6jk`5lge*ORjUTmUd_^JSUTocgjiR
U?«j`bacjiR;fmLU3i¢fmojUTiHacUT-`bfm§Ìar 6lmocUªlmi8Rkl0ac§¹fmoS`3®_`bhe*O>lm`
Í5e?j8`cU  _®z$&§¹fmoYU3gU3fmRSU3iHatlge½aj_jacjUT`T®SjkRU?¢ 6lmocUkl¬^mUTo`ª`bh8e*O¼lg`npofg»e?acjmU- $±li§¹UTUTob


































lmoe*O8j¨aUTe½ahRoUe?kljSJjiR-acf-LU;e3fmSRjlmiHat jacO¼U3gU3 8¥ -j`t`bh8RfH`bUdacf-§¹hR^jSJ8UTSJUTiHalm acORU
§¹Udl0ahRocUd`Pf§ acORU`cUde?j·e3lacjfmi¥
@ªU3oUTl0§ÌaU3od®0 5U`chRSSlojTU6`cfmSU6f§RaORUT`cUP¡mU3^§¹Udl0ahRocUd`P¾E`cU3U  $§¹fmo(acO8UPe3fmSRU?aU6Ud`ce3ocjajfgi¿½¥
& É  *+É0( Å6(  Å  Å  ( #H3T7 m  Å/»<²Ro*lme½a*le?fgSJLfmi8U3iHa>jk`>lmi fmRqrUTe½acCfgocjU3iHaUT¦hRiRjafm§
















& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)





































































   )3=? !>=?)3	 %64 }&,>!
NPO8j`;e3lm`cU°`bach8^¸`cU3omUT`1ar 5ffgqrUTe?acjmUT`T¶>¾Ejk¿Rof0HjkU°lmivU?«RlSRUacf¼jh8`baco*l0aUacO8UW\» e3fmi







aORUHjU3  f§aORU`c^`raU3S aORU>U3«UTobaO8lm`Jji¤Sji8}¥ L³i¦l¼·8o*`ba`bacUT
fm§5§¹fgocSlmj3jiRacORU-SJfUTM®4acORU-U?«UTobaSl¬^¼U3«RocUd`c`YaORjk`_jUT aORofmhRgOl`cUde?j·e3lacjfmi® h8`cjiR
§¹fgocSlmjk`bS`°`ch8e*O lg`aORU+*ªiRj¨·UT X¼f_RU3jiR  li8mh8lmmU£¾,*tX  ¿E   ¢®fmo Ë lal£²&f0  Ë jklgolmS`
¾ Ë ² Ë ¿I ¬$C¥
9 (  Å 0R", É0(  Ê2,M 380# ²&jghRoUgjgUT`l¸e?fgi8e?UTach8lm_jUT Âfm§YfghRoU?«RlSRU`b^`bacUTS/h8`cjiR
lgU3o^`cjSRU§¹fmoS fm§ Ë ² Ë jiv ORjke*O¸ 5Uqrh`ra`bORf0 ÀRl0a*lÃ8f0 ÀjiHacUTolge½ajfgi8`1LU?ar 6U3U3iv`c^`raU3S
UTiHacjacjUT`T¥
ã¹ä&åãÌæ
& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)














jk`UTe3fmSLfg`cUT¼jiar 5f`bh8¢`c^`raU3S`T¶acORU   li8¼acORU ?¥JNPORU!   "`chR
`c^`raU3S®ja`cU3§r®Rj`ªUTe3fmSfH`bUd-ji>ar 5f`chR³`b^`bacU3S`T¶&acORU#$%&lmi8-acORU#'(m¥




%.-	/013214	54	67839$1454:/0;9<0"=1/>?1394	@@A:?>?B1DC ¶`cU3i8>aORU 678:/	0 H^HaUT`fm§ aORU 14	54	678












 *2* H4,Mm", É0(   Ç  Æ 3 Å  <NPORU'(`bh8¢`c^`raU3S[oU3LU?aj¨ajgU3^ji_mfm¡gUT`tacO8U F/"HBI fmLU3o*l0ajfgi
fm§4aORUaco*li8`cLfmocalmi8`bjUTiHac^>jk`ceTlo*-lmiH^-ji8e3fmSjiRRl0a*lmo*lS¥
NPORU#$%&1`bhRR¢`c^`raU3S `cjS;hRkl0acUd`6·8Utaolmi8`b§¹U3o*`3¥ L¢aoU3LU?acjacjmUT^>facORU§¹fgf0 jiRJlge½ajfgi8`3¶
m¥`bU3UT§¹fmolJolmi8fgS acjSJU;e*ORfg`cU3i>jiacO8U1jiHacUToc0lm#X<Y3Z NOP>T[WWQMU\]>B^_`OSMU	aB\b º
¥PRjke*¡>lJolmi8fgS ·8U1U3i8acO 8:/	0 ji>acORU1jiHacUToc0l#XcY3Z NOP">	dMUB[W">TAUV	Wb
å å$Ø	ACBEDGFIH
! & 24 303 )
R¥ªV6l
d flen
MAX   PKT   SIZE e
acjSUT`6aORU &+,  ` -	/	0132C `cU3oHjke?Uªacf`cU3i8-§¹olmmSU3iHa*`+fm§&l0a
Sfg`ba 8:/	0 _^HacUT`T¥







	  & É  *+É0(&Å+(  ,9 * H Å  Å6( d, É)(  È ,¹"1 É 4"1  Å Ê: É  *+É0(&Å+( d 
NPO8Ut·o`bajSRU3SUTiga*l0ajfgi-aO8l0aªe3fmSUT`6afJSji8j`acORU1fgiRU1`bORf0 ifmi>·8ghRocU1¥
L¢a  `;Slji¤µHh8lj¨ar^¸jk`1afLU`bacoh8e½ahRo*l^mU3o^¸e?fg`cUacfacORUe?fmie?U3Rach8lm5SfU3C¥NPO8j`;mf_f
























& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)



















































	 & É  *+É0(&Å+(  ,9 * H Å  Å6( d, É)(vÈ ,E1 1& Å Ê: É  *+É0( Å6( d 
NPO8U·8o`bajSJ8UTSJUTiHal0ajfgi¸ j¨aO£`bO8lmocUd¸e?fmSLfmiRUTiHa1acO8la
e?fmSUd`acfSji8¸j`1acORU°fgiRU°UTRje?acUd
ji:·8ghRoU_¥ L³i:acO8j`jSJ8UTSJUTiHal0ajfgi®ªl `bjiRmU`cO8loUT:e3fmSLfmiRUTigaj`>h8`cUT:ji 8lge?U¼fm§acORU


































8lge?Uf§LacO8Uª`bjiRgU  ±`cO8loUTJe?fgSJLfmi8U3iHa+f§L·8ghRocUª¥ :jacOaORjk`+e?fgi8`bacoh8e½ad®0acORU &+,
e3fmSLfmiRUTiga1jk`RhRj¨aO8jUTolmoe*ORjke3lm^li8e?fgiHalji8`tar 6f`chR³e?fgSJLfmi8U3iHa`T¶YacORUfmi8UJilSUT & 
jk``cO8loUTliacORU1fmacORUToT®RilSUT  A	,Pjk`iRfmaT¥6NPORU3oU?§¹fgocUg®_acORU O8fmU &+,Pe3fmSLfmiRUTiga
jk`iRfma1`cO8lmocUdli_^_SfmoUm®}RhRafmiR^¼8lmobajlm^_^¼SUTli`tfm§+aORU & -e3fmSfgiRU3iHad¥ 6UTeTlh8`cUJacORU
















& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)




       






       












       

















¬ & 24 303 )
²8olge½a*l(`bLUTe3j¨·eTl0ajfgi®zacORUe3fmSfgiRU3iHa1`raoche½ach8ocUJ j¨aO`cO8lmocUd¼e?fgSJLfmi8U3iHa`YSl¬^UljoUTe?acUd
lge?^e?jke¼mo*l8O li8 Rji8jiRg`¸¾¹jiHacUTolge½acjfmi 8l0aO8`¿-Sl¬^ §¹fmoS e?^e?UT`T¥ \_ji8e?UjiHaU3o*lme½ajfgi8`loU
UTmUTigah8l^>aolmi8`clacUTjiHaf>UTmU3iHa*`3®}`cO8loUT¼e3fmSLfmiRUTiga*`YSl¬^jSR^i8lm`bar^¼e3lmh8`clm U3©LUde½a*`3®}aO8l0a
`cORfghR>LU1RocfgUToc^°O8lmi8UT>_^acORURj`e?oU?aUYUTmUTiga`cjS;hRkl0acjfmiU3i8mjiRUm¥
   '   #&%(')* %+ ,-#(
NPO8U;W\» lo*e*ORjacUTe?achRoUYj`jiHacUTi8UTaf`bhR8fgobah8`cU3o*`PjilklomUYi_hRS
LU3oªf§&alm`c¡`3®jkUTigaj¨·UTji
`cUTe?acjfmi ¥p²RfgoPacORjk`Rh8ocLfg`cUm®_aORU;W\» lo*e*ORjacUde½ach8ocUjk`rajiRghRjk`bORUd``bj«>e3lg`c`cUT`Pfm§ h8`cU3o*`3¶




%  É Ê Å H±Ê Å   Å H ÉC*+Å 0° acORUT^§¹fe?h8`6fgi-jSJ8UTSJUTiHacjiR
aORUe?fmoUªloca6fm§ e?fgSJLfmi8U3iHa`Y¾Ì§¹hRie½
acjfmi8lm4`cU3oHjke?Ud`¿?º




% Å *+Å $," Å6(  Å 0£ aORU3^¸§¹fe?h`
fgi `cU?abaji8¢hR£SfU3P8lmolmSJU3acUTo`>¾E`e?U3ilojfRU?·8iRjacjfmiL¿½®
Rl0a*le?fmUTe½afmo*`¾¹RofmLUT`*¿Pli8`cjS;hRlacjfmioch8i8`3º
%  ( #H Æ TT1 aORU3^Y§¹fe?h`4fgi1Rocfe3UT``bjiRe?fgUTe?acUdRl0a*l¾¹_^RofmLUT`*¿}li1Rof_Rh8e?U+lmili8lm^`cj`
f§&acORU1oUT`chRa`Tº




















aORUT`cUYacORoU3U1kl¬^mUTo`6loUY§¹hRocacORUToUT`e?ojLUTji-aORU§¹fmf0 jiR`cUTe?acjfmi8`   ¥tacf   ¥ ¥







& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)
F:<;=?>@.06A)=+61;) 8 ;.+=+;)+6 )7) *!6 ,!.0/F13 4 6".98 * d





















 	 (( $  




























Rha .06 >#8 164 *











60>C)  .0/213 4 6".98 * ) *  .0* )?¥n+ocf0_jkUTaORU;e3fmSfgiRU3iHa*`O8l¬gU1acORU
UTo`cj`bacUTi8e?^iRfgiM§¹h8i8e½ajfgi8l
å å$Ø	ACBEDGFIH









acUde½ach8ocUd`3®Rh`bjiRJacORU @  » `balmi8Rlo*§¹fgoU?«RlSRU   EC¥














 jacO¸l -?L"7A:45D?=	0H=	05F=::/F jiHacU3oc§Elme3UJlmocUe3lmUT 4=+6.  )
=8 / 'C87* ) *!64li¼aORfg`cU j¨aORfmha
`ch8e*OlijiHaU3oc§Elme?U1lmocU1e3lmUT 'C4$G .  ) =?87/ '#8 *)+*C6½¥
NPORUª¬lmocjfmh`±`bUTSlmiHacjke3`±fm§LjiHacU3o*lme?acjfmi8`(LU?ar 6U3UTi°e?fgSJLfmi8U3iHa`plmocUUd`ce3ocjLUTJji°`cUTe?acjfmi   ¥ R¥ ¥
NPO8U 6l¬^
acORUd`bUY`bUTSliHacjke3`plmocUjSRU3SU3iHacUdjk`p§¹hRocacO8U3o5RUT`e?ojLUTji°`bUde½ajfgi   ¥ R¥Þ_¥±NPORUªµHhRU3h8jiR
lmi8¦`ce*ORUdhRji8Lfmje3jUd`loURUT`e?ojLUT ocUd`bLUTe?acjmUT^vji¦`cUTe?acjfmi8`   ¥ 8¥ li8   ¥ R¥   ¥ NPORU`bSlm
`cU?afm§&i8fmi§¹hRi8e?acjfmi8lm4`bUToc_jke?Ud`Pf©zU3oUT_^°acO8U -?+L"7A:4	5M?=	0H	=	05F=::	/F aO8l0ai8U3UT>afUh`bUd
U3«Rjke?jac^°_^°aORUe?fgSfgiRU3iHa`6§¹fgo`bjS
h8lacjfmiRhRofH`bU1loUYjk`raUTjk``bUde½acjfmi   ¥ 8¥ H¥
















& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)
F:<;=?>@.06A)=+61;) 8 ;.+=+;)+6 )7) *!6 ,!.0/F13 4 6".98 * ¬
   
	   0 ( HM, É)(:É05 , (  Å 0R", É0(  , (  É Ê2,MTm Å  ÅgÇÅ   Å6( T

































































































& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)




































e3hRoocUTiga1U3«_Ude?hajfgi`balacUfm§+acO8U ';8 =?)IG .0* I;)E+871;=?) f§le?fgSJLfmi8U3iHaT¥°» ar^_Rjke3lmp`ce*O8UThRU3o
§¹fgolJSJfgiRf¢Rofe?UT``cfmopar^_LU1f§(Rof_e3UT``bjiRJocUd`bfghRo*e?Uª 6fmh8`bh8RfgobaaORU§¹fmf0 jiR`bal0aUT`¶









7 $1 Å Ê(H, ( 3:mR Å 3  Ê Æ­È ,E1  ",9 * H Å , (  Å ¬8, É)(  É Ê Å H »Àar^_Rjke3l+Rfe*¡_jiRjiHacUTob
lge½ajfgi>LU?ar 6U3UTile3jU3iHaªlil`cU3omUToPe3fmSLfmiRUTigaªe3fmhRk>U1aORU1fmi8URU3Rjke½aUTfmi>acO8U1acUTSJLfmo*l
Rjlmmo*lS f§t·8mhRoU T¶ ORjUji acORU `_\\MU\] `ra*l0acUg®paORUe?fmSLfmiRUTiHafgi¦e3jU3iHa°`cjUjk`c`chRUd`Jl
`cU3o_je3U>eTlM¥¦NPORj``cU3o_je3UeTlPj`Jaolmi8`bkl0aUT¤jiHacf¸li:\8W1VÀUTmUTigali¤ji8`cU3ocacUT¤ji acO8UUTmUTiga
 ìí ÝÞÐ(ÝÞÐ±ÕdàÑM×tÑ í ÏPñdÝÞÐCÚrÒMÏ³ÑMÏÐCÝÞß5Õ¬á ÓÑCÝÞ×½ØYÏrÖTàÏrÒEÑpÑM×YÝÞßà¬áÞÏrßÏrØ3Ñ(ÓªÚr× í ÏrÒEÏrØ3Ñ5òÏ í ÓbÔTÝÞ×½Ò±×*ô}Ï³Ô?ÏbØ?ÑTÕdÏbÕdÏbÐpÝÞØ1Ñ í ÝÞÐ
ÚcÓ*ÐMÏ
å å$Ø	ACBEDGFIH































ocUd`bfghRo*e?U  .0/213 4 6 )G
fgiaORU-e3jU3iHa














`cU3gU3o*l(`bUdµHhRU3iHacjkl(`e*ORUTh8UTo`lil  1 '#)+;I +=>C)
 13 )+;°jie*O8lomU;f§Pj`c8lae*ORjiRRocfe3UT``bjiR-oU?
µHhRUd`ra*`°¾M\W1V UTmUTiga*`¿lSfmiRH`raUdlme*Ov`e*ORUTh8UToT¥ L³ivacO8j`;e3lm`cUm® acO8U°ocUd`bh8¨ajiRS;hRacjCRofe?Ud`c`cji8
§Elge?jjar^¼`e*ORUTh8UToY`cORfmh8U3jacORUToRocf0_jkU;`c^_i8e*ORofmiRjTlacjfmiRojSJjacjmUd`tacf>acORUjiRiRU3o8lmobaf§5acORU
ã¹ä&åãÌæ
& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)
















































       * H4,M ,¹",9 (HM, É)(  Å  ,E Å 
Ë hRoji8 aORU¤`cjS;hRkl0acjfmi4®taORU¸§¹hRi8e?acjfmi8lm
`cU3oHjke?Ud`v¾ÌaORU£`bUToc_jke?UacOl0a¼jSJ8UTSJUTiHa¼acORU£e3fmi8e3U3
ah8lSfU3fm§acORU¸`c^_`bacUTS°¿°Sl¬^ h8`cUaORU§¹fgf0 jiR `cU3o_je3UT`°fm©LUTocUd _^¦acORUiRfgiM§¹h8i8e½ajfgi8l
-?+L"7A:45M?=	0 H	=	05F=::/	F jigaU3oc§Elme3Utfm§ aORU3jo`bh8ocofmhRiji8Je3fmSfgiRU3iHad¶
%.H7FF/	05>	5M?+LM/ 2C oU?ach8oci8`6aORUe?h8ocoU3iHa`bjS
hRkl0aUT>acjSUmº
% 4	6=F5J2C oUTµHhRUd`ra*`lLfmocacjfmifm§ aORU
`cjS;hRlacjfmiU3«_Ude?hajfgiUde3lh`bU1fm§±lmilRiRfgocSlmU?«U?
e?hajfgie?fmij¨ajfgiº
%G5/	FL ?0"4	5/ 2C ocUdµHhRUT`ba`PiRfgocSlmaU3oSji8lacjfmif§&acORU`cjS
hRkl0ajfgi>U3«_Ude?hajfgiº
å å$Ø	ACBEDGFIH





       
       
   







   
   




   
   
   
   
   










& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)
F:<;=?>@.06A)=+61;) 8 ;.+=+;)+6 )7) *!6 ,!.0/F13 4 6".98 *  
% "4"?5J21/:4MC ocUdµgh8UT`ba`aORU;e3fmSLfmiRUTigatacf-`bal¬^ji `_\\MU\] `ra*l0aUhRiHacj4aORU`bjS
hRkl0ajfgi
acjSU1ocUdlme*ORUd` H7FF/05">	5M?LM/ 2C1/:4 º

















mmgR¥5» ocfgRh8`batli8fgacjSjTUT Hl¬0l;jSRU3SU3iHalacjfmi¼lmi8RoU3jSji8lo^V jSRU3SUTiga*l0ajfgi
lmocUYU?«LUTe?acUT>afU1oU3UTlg`bUd°LU?§¹fmoUYacORU1UTi8f§±mgR¥













GÉ Ê Å H














hRiRjacjUT`&`ch8e*Olm`acORU6n(U3omkliRgh8lgU+li8  N Í acU3«_a&Rofe?Ud`c`cji8h8`bUTo` e?fgSJS;hRiRjacjUT`
 jacOaORU3joocUd`bLUTe?acjmU8lge*¡¬lmmUli8>oU3Lfg`cj¨afmo^°`b^`bacU3S`1¾¢V5nz»t li  N&»ªY¿½¥CL³i>acO8U18locacjke?hRklo
eTlm`cU>fm§²8olge½a*le?fgSJLfmi8U3iHa°8lm`cUT¦`cf§Ìar PloU>lo*e*ORjacUde½ach8ocUd`3®+acORUd`bUjk`c`chRUT`lmocUe3hRocoU3iHa^vhRiU3o
 í ÑMÑMà côÒCÓ*Ú³ÑCÓ*á  ×½òdÜEÏrÚrÑÌîzÏbò ×½ÒMõ
å å$Ø	ACBEDGFIH
g & 24 303 )










































1X£¥m»jl8®g~1¥  U3i8mU?aT®HN¥HV5fmh88l¬^mUg®li8»¥  U?§¹UT_HoUm¥thRU3o^_jiRoU?Ã8U3«jgU6e3fmSfgiRU3iHacC8lg`bUd
lmoe*O8j¨aUTe½ahRoUT`T¥L³i	 60> 
 &	2&  8 * )+;)+*=?)?®88lgUT`dH0d   ¥ L³ÍpÍ+Í®Lmm   ¥
 	¥CPli8¡_`T®_UTjacfgoT¥247* 
 ?88J8 ,!.0/F13 4 6".98 * ; .0* = . ' 3 )I )+6 >#8"
87358  :
	747* =)E : ' '3 .9=?4 
6.987*C 47* 
 ;4 = 6.9=?)?¥ :jU3^HCÍ5Xn(®      !8¥
  1²6¥ Plmh8Um® Ë ¥HV6lmocfgSU3C®  ¥XUd`raocUg®m²6¥ @h8U?aT®_li ¥pl¬^`c`cjQTocUg¥L³iHacU3o*lme?acjmUPli8Ud`ce3ocjafmoc
lm`cUTU38f0^_SU3iHaf§(fmqrUde½acCfgocjU3iHacUd°gocjk>lmRRjeTl0ajfgi8`3¥ L³i  ;8=  8  6 >#)"!#! 60>$? % *C63
, 7/ '  8 *.   >&M)+;/ 87; / 47*=?)  . 6"; .4+16A)
 87/ '16.0* m®±8lgUT`  g0dgR®Í+ji_RhRomO®±\e?fmab
kli}®ghR^mH¥@L³ÍpÍpÍ­V5fgSRhacUToª\_fe?jU?ar^g¥
ã¹ä&åãÌæ
& ,#:  47* & 'C)+* 87/ '#8 *)+*C64	+)
F:<;=?>@.06A)=+61;) 8 ;.+=+;)+6 )7) *!6 ,!.0/F13 4 6".98 * m
   Íª¥ 6ohRiRU?afmi®&N¥(V5fghR8l¬^mUg® lmi8 8¥(\HacU3§EliRjC¥~UTe?h8o`cjgUli8v^_i8lmSje`cf§Ìar PloUe?fmSLfg`cj¨
ajfgi  jacO `cO8loji88¥L³i-,)E7)+*C6 > *C63  F87; 	>#8?' 87*  87/ 'C87*)+*C6 &; .9) *!6 )G
  ;8 ;47/F/F.0* 
  &  0®8Í6VW1Wtn6mH®X¼lmlmglR®R\_lji® mh8iRU
gg¥
 	Íª¥ 6ohRiRU3acfmi4®N¥V5fmhR8l¬^gUm®Lli8 ¥z\_acU?§ElmiRjC¥ªNPORU§¹o*lme?alm e?fgSfgiRU3iHatSfUT `cUde?j·e3lacjfmi¥
» 0ljlmRU§¹ocfgS OHaba¶  d§¹o*lme?alC¥ fmqrUde½ar 6U3¥ fmo `bLUTe3j¨·eTl0ajfgi _®z²RUTRochlo^g   ¥ Ë o*l0§ÌamUTob
`cjfmi¥ 0³R¥
  ¥UT`6~j_jTocUd`5lmi8 ¥ :jU3Hli8}¥4Í+e?j`bUg¶p» Rkl0ac§¹fmoS §¹fmo+jiHacUTmo*l0acjiRJU3gU3fmRSU3iHapaf_fmk`3¥
 , $ 6 )+/ 
	871; * 473 ®   8¾Cm¿½¶ H   !m8®gg   ¥
Þ$Í5e?j8`cUn+lab§¹fmoS¶NPUde*ORiRjke3lmYWtmUToc_jU3 1®gmR¥­OHabac4¶  ¬   1¥ UTe?j8`bUg¥ fgoc ¬ ORjacUT8lLU3o*` d
Ude?j`bU3Cf0gU3oHjU3 1¥ z_§r¥
 ! 1~¥8²Rh0qrjSfaf8¥±n±lo*lUTjk`ce3ocU3acUU3gU3iHa`bjS
hRkl0ajfgi¥  87/F/21* :  ®8g8¾Tg¿?¶ gRR®)    mR¥
   Íª¥ lmSJSllmi8¥ 6UTe*¡z¥: 87*!6"; .4+16.0* K6 8 M=+3 . ')+)  '; .0* = . ' 3 )I 'C4766 )+; *  4 *0
 '3 1  IA.0*8¥
NPO8U1Í+e?j`bU`cU3ojUd`3¥»RRj`cfmi UT`cUT^m®8g   ¥
 T 1\}¥C@fgTiRU3od¥ M= 3 . ')+)?¥W2 ~U3j^m®RX¼l¬^m   ¥
   L³Í+ÍpÍ±r\»¥?  ,6 4 *0
 47;?
  87; I8"
)+3 .0*  4 *0
,!.0/F13 476.987*   M,  .   > )E7) 3#: ;=>.06 )?=+6"1;)
  :  )G
)+;476A)  *C6A)+;/ 4=?) ,'#)?=+.  =?476.987*¥5\Ha* ¬ dR¥ ?rmgR¥
 d	~¥¥ glmji4¥ >#) :<; 6 8   87/ '16A) ;2, $ 6A) /  M)+;/ 87; / 47*=?) :<* 473 $ .  C)?=?>@*C.+1C)E 87;  -
'C)+; .0/ )+*C6A473 2)E .   *   )?4	?1;) / ) *!6  ,.0/2135476.987*  4 *0
  8"
)+3 .0* ¥ :jU3^g®     m¥
 T Yn(¥_Xh8``bjli8J¥H\jUTmU3C¥zNPORUzy wk{-`cUTµHhRUTiHacjkl8`cjS;hRkl0acfgoT¶ lacUd`racCLUTJ§¹fgopfmqrUde½apfgocjU3iHacUd
Rj`e?oU?aUU3gU3iHaY`cjS;hRkl0acjfmi4¥ML³i& ;8 =  8  +6 > 1;8'C)?47* ,!.0/F13 476.987* , 7/ 'C8$ .01/J®LÍ+ockliRgU3i®
YUTocSlmiH^g®WYe½afmLU3o     gR¥
    WtRqrUTe½aX¼lmi8lgU3SU3iHa YofmhR4®t²Ro*lSjiRmOlS®X¼lm``lme*O_h8`cU?aba*`3¥ 
 !"  ,1 '#)+;G 6"; 1C=+6"1;)




Rj`e?oU?aU5`cjS;hRlacjfmi¥!,!.0/F13 4 6".98 * I8
 ) 303 .0*   ;4=+6.9=)<47* 
  >#)?87; 0®)d¶    HR    ®Tg   ¥
 T »
¥\z¥8N&li8U3i_8lh8S¥I8"
)+; * &('C) ;4 6".0*  , $ 6 )+/ ½¥(npoU3iHacjke?U3 @tlM®8i8>UTjacjfmi®LmCm¥
 ¬$YÍª¥#pfmh8ofgi¥I8
 ) ; *I,!6; 1C= 61;)G
:<*4 3 $ .*¥±n+ocUTigaje3U? @ªlmC®  -!  8¥
 !  Y¥Pn(¥$LU3jmU3od® @
¥npolmU3ORfm§¹U3od®ªli N¥ J¥%jS¥& >#)?87;  8  I8
 ) 3 .0* -4 *0
 ,.0/213 4 6".98 *8¥
»eTlmUTSjenpoUT``T®80i8>UTjacjfmi4®gmR¥
å å$Ø	ACBEDGFIH
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  < 
	 '  	 <
ISSN 0249-6399
